Krüppel-like factor 4 synergizes with CREB to increase the activity of apolipoprotein E gene promoter in macrophages.
Krüppel-like factor 4 (KLF4) is a critical regulator of monocyte differentiation and macrophage polarization, and it also plays an important role in several vascular diseases, including atherosclerosis. Apolipoprotein E (apoE) is an essential anti-atherosclerotic glycoprotein involved in lipid metabolism, expressed by the liver, macrophages and other cell types. We hypothesized that KLF4 is involved in apoE gene regulation in macrophages. Our experiments showed that differentiation of THP-1 monocytes to macrophages using PMA was associated with a robust induction of both KLF4 and apoE genes. KLF4 bound to the apoE promoter, as revealed by chromatin immunoprecipitation and DNA pull-down (DNAP) assays, and transactivated the apoE promoter in a dose-dependent manner. Using a series of apoE promoter deletion mutants we revealed the biological activity of multiple KLF4 binding sites located in the [-500/-100] region of apoE promoter. Moreover, overexpression of cAMP-response-element-binding protein (CREB) further increased KLF4 up-regulatory effect on apoE promoter. Despite the fact that no putative CREB binding sites were predicted in silico, we found that in macrophages CREB bound to apoE proximal promoter in the region -200/+4 and even more strongly on -350/-274 region. In similar DNAP experiments using cell extracts obtained from monocytes (lacking KLF4), a very weak binding of CREB was detected, indicating that interaction of CREB with apoE promoter takes place indirectly. In conclusion our results show: (i) a robust synchronized induction of KLF4 and apoE expression during differentiation of monocytes to macrophages; (ii) KLF4 up-regulates apoE gene in a dose-dependent manner; (iii) biologically active KLF4 binding sites are present on apoE promoter and (iv) the interaction of KLF4 with CREB results in an enhanced up-regulatory effect of KLF4 on apoE promoter. Taken together these data provide novel knowledge on apoE gene regulation mechanism in macrophages, and offer insight into the therapeutic potential of KLF4 in atherosclerosis.